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Principal Investigators: Professors Benny D. Freeman [both grants] and Joseph M.
DeSimone [grant N00014-94-1-0704 only]
Mailing Address: NCSU, Department of Chemical Engineering, Box 7905
Raleigh, NC 27695-7905
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a. Number of papers submitted to refereed journals, but not published: 2
Arnold, Nagai, et al., "Gas Permeation Properties of Fluorinated Polymers: PFOA,

PFOMA, and PS-b-PFOA Copolymers," manuscript in preparation.

Arnold, Betts, LeRoux, et al., "Synthesis and Characterization of PDMAEMA-b-PFOMA
Coﬁolymers,'” ménuscript in preparation.

b. Number of papers published in refereed journals: 0

¢. Number of books or chapters submitted, but not yet published: 0

d. Number of books or chapters published: 3



Betts, Douglas E., ",The Synthesis, Characterization, and Application of CO,-Soluble,
Nonionic Amphiphilic Block Copolymers," Doctoral Dissertation, Department of

Chemistry, University of North Carolina at Chapel Hill, 1998.

Kassis, Camille Mary, "Surface and Mass Spectral Analysis of Polymeric Materials
Utilizing X-ray Photoelectron Spectroscopy and Matrix Assisted Laser Desorption
Tonization," Doctoral Dissertation, Department of Chemistry, University of North Carolina

at Chapel Hill,1997.

Betts, D.E., Johnson, T., LeRoux, D., DeSimone, J.M., "The Use of Controlled Radical
Polymerization Methods for the Synthesis of Non-ionic Surfactants for CO,," in
Controlled Radical Polymerization; Matyjaszewski, K., Ed., ACS Symposium Series 685,
American Chemical Society: Washington, DC, 1998, pp. 418-432.

e. Number of printed technical reports/non-refereed papers: 0

f. Number of patents filed: O

g. Number of patents granted: 0

h. Number of invited presentations: 3

Freeman, B.D., M.E. Arnold, and K. Nagai, "Development of Novel, Low-Fouling
Nanofiltration Membrane Materials: Program Overview," Office of Naval Research, June

3, 1998, Jacksonville, FL.

Johnson, T., J.M. DeSimone, and D. Betts, "Fluoropolymer Block Copolymer Synthesis
for Membrane Applications,”" Office of Naval Research, June 3,1998, J acksonville, FL.



Pinnau, I. (MTR), R. Bhave (U.S. Filter), and B. Freeman (NCSU), Membrane Materials
Workshop, North American Membrane Society Meeting, May 1998, Cleveland, OH.

i. Number of submitted presentations: 3

Nagai, K., M. Arnold, R.J. Spontak, B.D. Freeman, D. LeRoux, D. Betts, J.M. DeSimone,
A.R. Roudman, F.A. DiGiano, and 1. Pinnau, "Pure Water and Salt Permeation Properties
of Phase-separated Block Copolymers of Poly(1,1'-dihydroperfluorooctylalkyl-
methacrylate-b-2-dimethylaminoethyl methacrylate)", North American Membrane Society

Meeting, May 1998, Cleveland, OH.

Allen, T., B.D. Freeman, D.T. Coker, and G.K. Fleming, "Modeling Temperature
Distributions in Multicomponent Membrane Separations," North American Membrane

Society Meeting, May 1998, Cleveland, OH.

Arnold, M., K. Nagai, B.D. Freeman, D. Betts, J. DeSimone, and I. Pinnau, “Gas
Permeability in Fluorinated Block Copolymers,” North American Membrane Society

Meeting, June 4, 1997, Baltimore, MD.

j. Honors/Awards/Prizes for contract/grant employees: 5

Freeman, B.D., Nominated for Alumni Association Distinguished Undergraduate
Professor, 1998

| Betfs, D., awarded Ph.D., Department of Chemistry, University of Chapel Hill, 1998.

Burns, S., passed preliminary oral examination required for official candidacy in Ph.D.

program, Department of Chemistry, University of Chapel Hill.

Freeman, B.D., Japan Society for the Promotion of Science Fellowship, 1997.



Kassis, C.M., awarded Ph.D., Department of Chemistry, University of Chapel Hill, 1997.

k. Total Number of Full-time equivalent Graduate Students and Post-Doctoral
associates supported during this period, under this R&T project number: _4
Graduate Students: 3 1/12
Post-doctoral Associates: 11/12
including the number of,
. Female Graduate Students: 2 11/12
Female Post-Doctoral Associates: 0
the number of
Minority* Graduate Students: 2
Minority* Post-Doctoral Associates: 0
and, the number of
Asian Graduate Students: 1/6
Asian Post-Doctoral Associates: 1
1. Other funding (list agency, grant title, amount received this year, total amount, period of
performance and a brief statement regarding the relationship of that research to your ONR
grant) |
Department of Defense SERDP Program, "Novel Nonporous Fouling-Resistant Composite
Nanofiltration Membranes and Membrane Separation Systems for Wastewater
Treatment Importaht for CPSON5/PPSON1: Minimization of Oily and Non-Oily
Waste," $0, $1,402,106, 6/4/98-5/14/2001. This grant provides funding for a
collaborative research project between Dr. Freeman's research group at North
Carolina State University and Membrane Technology and Research, Inc. [MTR].

This academic/industrial partnership is directed towards removing fundamental



wastewater processing limitations related to membrane fouling by developing
advanced high flux, low fouling membrane materials and reducing these advances
 to practice by preparing spiral wound membrane units suitable for field testing.

NSF, "Gel Permeation Chromatograph for Polymers and Colloid Science Research
Program," $56,666.67, $85,000, 10/97-9/98. This NSF equipment grant provides
funds for purchasing a state-of-the-art gel permeation chromatograph for use in
determining molecular weights, molecular weight distributions, and composition
distributions in polymers. This instrument will assist in characterization of the
novel materials being synthesized for the ONR program.

American Water Works Association, "Development and Testing of New Nanofilatration
Membranes for Application to Water Treatment," $18,000, $18,000, 10/97-
10/99. This grant is for studying low-fouling membranes for purification of
drinking water and complements the Navy research program which is vectored
towards wastewater remediation.

Office of Naval Research, " Characterization of Ultra-Low Fouling Reverse Osmosis and
Pervaporation Membranes for Naval Wastewater Remediation Applications,”
$36,902, $107,521, 6/1/95-5/31/98. This AASERT grant provides additional

personnel to work directly on the Navy program.



a. Principal Investigators: Benny D. Freeman and Joseph M. DeSimone
b. Current Telephone Number: (919)515-2460 (Freeman) and (919)962-2166 (DeSimone)
c. Cognizant ONR Program Officer: Kenneth J. Wynne
* d. Program Objectives

The focus of our fundamental research program, Very Low Surface Energy (<11 dyn
cm™) Heterophase Polymeric Materials for Membrane Separations: An Integrated Polymer
Chemistry/Engineering Approach, is to explore several new classes of polymeric materials to
identify promising routes for developing low-fouling nanofiltration membranes for wastewater
remediation. This objective will be accomplished through an iterative process of polymer synthesis
and characterization, membrane fabrication, separation performance characterization, and fouling
assessment. Three classes of materials are being evaluated: low surface energy heterophase
fluoropolymeric materials (synthesized by DeSimone's group), functionalized nanoporous
polymeric membranes with well-defined pore size formed via lyotropic liquid crystalline monomers
(in collaboration with Professor Douglas L. Gin at the University of California at Berkeley), and
nbnporous hydrophilic blend membrane materials (in collaboration‘ with Professor Virgil Percec at
Case Western Reserve University). The focus of our closely related research program, The
Influence of Backpulsing on Fouling Properties of Novel Nanofiltration Membranes for
Wastewater Remediation, is to determine the efficacy of backpulsing to reduce the fouling of
nanofiltration membranes.
e. Significant results during last year

‘Substantial progress has been made towards developing membrane materials suitable for
wastewater reme.d'iation. In addition to more fully characterizing the PDMAEMA-b-PFOMA”
(containing 52, 55, 67, and 69 mol% PDMAEMA) copolymers synthesized last year, PTAN-b-
PDMAEMA (69 mol%)-b-PDMAEMA and PFOMA-b-PDMAEMA (59 mol%)-b-PFOMA triblock
copolymers have been synthesized and characterized using angle-dependent x-ray photoelectron
spectroscopy (ADXPS), water sorption, salt transport, and water permeation measurements.

Dense films of the polymers were cast from 10 (w/v) % polymer dissolved in Freon-113 with the



exception of the PTAN" triblock films which were cast using 0., o, a-trifluorotoluene as the
solvent. |

Water uptake and water flux increase with increasing PDMAEMA (hydrophilic block)
content of the copolymer and are well correlated. The PTAN triblock copolymer has the highest
water uptake and water permeability, suggesting that fluoropolymer morphology also influences
water sorption and permeation. PTAN is a fluorinated acrylate whose side chains can crystallize,
while PFOMA is a fluorinated methacrylate whose side chains cannot crystallize. No strong
correlation is found between salt diffusivity or distribution coefficient with either PDMAEMA
content or water uptake. Therefore, differential scanning calorimetry (DSC) was used to determine
the amounts of freezing and non-freezing water present in these materials. For PFOMA-based
materials, the amount of non-freezing water (which is tightly bound to the hydrophilic groups)
decreases as the PDMAEMA (or hydrophilic) content increases. The PTAN triblock copolymer
does not appear to follow the same trends as the PFOMA-based materials and also possesses the
highest number of non-freezing water molecules per hydrophilic group among the materials tested
to date. The salt diffusion coefficient increases with the fraction of freezing water sorbed by the
polymer (as shown in the figure in Part III); these data suggest that only freezing water (or water
which is not tightly bound to hydrophilic groups) is available for salt diffusion. The free volume
theory developed by Yasuda and co-workers to explain the transport of small molecules in water-
swollen polymeric membranes cannot be used to explain the salt diffusion results until hydration is
corrected to include only the regions of freezing water present within the hydrophilic regions of the
polymers. Then the sodium chloride diffusion coefficient for the PFOMA-based materials is
inversely rclated't'o hydration, in agreement with the free volume theory. The PTAN triblock
copolymer results are not well-correlated with the other data points, again implying that
morphological facators influence diffusion. Salt distribution coefficients are less than the hydration
values for these polymers, suggesting that polymer-salt interactions affect the overall salt
solubility. ADXPS results for the PTAN-PDMAEMA (69 mol%)-b-PTAN sample indicate that the

copolymer is surface segregated. Even after annealing the samples far above their glass transition



temperatures, there was no change in angle-dependent atomic concentrations or fluorinated carbon
to total carbon ratios. These results suggest that the triblock architecture restricts reorganization of
the copolymer chains. Moreover, the theoretical fluorine-to-carbon ratio of pure PTAN is 2.1, and
the experimental ADXPS ratios of both the unannealed and annealed sample are 2.0, which
indicates that the near-surface region is comprised mostly of PTAN.

Functionalized nanoporous polymeric films containing sodium, cobalt (II), and cadmium
(ID) ions were received from Professor Douglas Gin and Dr. Hai Deng. Water uptake was
investigated as a function of film thickness (ca. 25, 50, and 100 pm films) for liquid crystalline
polymeric samples, and these sorption results are shown in the attached figure. Water uptake
increases with increasing film thickness for sodium and cobalt (II) samples, while water sorption
in cadmium (II) films is independent of film thickness. While all materials studied sorbed
measurable quantities of water, no measurable water permeation was observed for any sample,
implying that the channels are not continuous and open across the sample.

Samples of Trogamjde T/Poly(vinyl pyrrolidone) (TA/PVP), Poly(methacrylic
acid)/Poly(vinyl pyrrolidone) (PMAA/PVP), and Trogamide T/Poly(2-ethyl-2-oxazoline)
(TA/PEOXA) blends received from Dr. Tushar Kanti Bera and Professor Virgil Percec were too
small to perform water permeation measurements. However, based upon the flexibility of these
materials in the dry/wet states and the supplied water sorption data, only the TA/PEOXA and
TA/PVP blend series were chosen for scale-up and further characterization. The attached figure
shows the water sorption and glass transition behavior of ‘these materials as a function of blend
composition.

"PDMAEMA = i).oly(diethylaminomethacrylate), PFOMA = poly(1,1-dihydroperfluoro-
octylmethacrylate), PTAN= 3D poly telomer acrylate with narrow distribution
f. Brief summary of plans for next year's work

Tn the next year, research efforts will continue to focus on developing and characterizing a

systematic series of nonporous hydrophilic block copolymers for nanofiltration wastewater

remediation applications. Recently acquired TEM results for the PDMAEMA family of block



copolymers will be used to understand the relationship between morphological structure and
transport properties for this class of materials. Finally, a series of PTAN-b-PDMAEMA
copolymers of varying composition as well as PTAN-b-PDMAEMA-b-PTAN and PDMAEMA-b-
PFOMA copolymers of additional compositions will be synthesized and characterized. Hydrophilic
block copolymers containing hydfoxy ethyl acrylate (HEA) as the hydrophilic block will bé
investigated. TEM and ADXPS will continue to be used as characterization methods for these new
materials. Water permeability, salt diffusivity, and salt distribution coefficients will be measured
for the new materials.

Additional crossflow experiments will be performed using PDMAEMA-b-PFOMA thin-
film composite membranes (containing 55 and 69 mol% PDMAEMA) to determine model
contaminant rejection and fouling properties of these materials. Methods to prepare thin-film
composite membrane samples at NCSU will also be investigated. Finally, copolymer samples will
be sent to Dr. Harry Ridgway at the Orange County Water District (OCWD) for biofouling and
atomic force microscopy (AFM) [used to measure surface roughness] characterization.

Research efforts by Professor Douglas Gin's group will be focused towards modifying
membrane properties to achieve water permeation through these functionalized nanoporous
materials. Approaches used will include: altering the water content in the films to increase the pore
size and/or render the films less hydrophobic, aligning channels to ensure continuous pores
through polymerizing in magnetic fields, and utilizing plasma etching to verify that pores are not
closed at the surface. The water sorption and permeation properties of new samples will be
determined at NCSU.

TA/PVP—a‘md TA/PEOXA blend samples of systematically varied composition have recently
been supplied in larger (4.5 - 5 g) quantities. Water permeation will be measured using films of
uniform thickness.

A backpulsing unit, capable of controlling pressure difference across a membrane to +2
psi, was custom-built by Separations System Technology, Inc. (San Diego, CA). In the next year,

experiments will be conducted to explore the effects of backpulse time, pressure, fluid volume, and



frequency on the average flux of a series of commercially available membranes (for benchmarking
purposes) as well as materials synthesized for ONR grant N00014-94-1-0704.
g. List of names of graduate students and post-doctoral fellows currently working on the project:
Michelle Arnold (NCSU)
Dr. Valeriy Bondar (NCSU)
Dr. Kazukiyo Nagai (NCSU)
Sonya Burns (UNC)
Terri Johnson (UNC)



ungaq

aq (1M sjusuwrradxo Jursndyoede
(IMD YIA) pajesnsaaul

aq M spuoq JowAjod orydoIpAy
J0 sonxadoid uoneownrad I91e A e
(DN Ym) s[errsreu

qur[eIsA1o pinbrf Jo sjouueyd

uodo 01 pasn 9q [[Im SUT[[TW BUISE[ o
PoZLIo)10RIRYD PUB POZISIYIUAS 9q
[ (VAH ©§9) syp00[q orjrgdoIpAy
JURISLITP YA SIOWATOdOD)e

(DN YiMm) parpmis

aq [ sTerIejew drrawAjodoIonyy

0 sonradoxd Surnoy pue uoroa(ay e

:SuUOISURL],

(dAd) (auoptionAd jAuia-N)Alod )

o=\ NHMO
u

,T\F”_. (v1) L - epiwebouy

10 H

(vx03d) (euozexo-z-iAyie-g)iod | yum __,m \/VAL/\_A_
N
]
H

inq pue

pouSIsop u99q sey Jrun SULIqUIdUI
mopgssoro Sursindyoeq e
(NAMD W) UOTIRZIId)oRIRYD
Joyng pue dn-oeos

10] PO UA2q dARY SPU[q
rowAjod oriydoipAy sno1oduoNe

spouueyo uado
01 paou oy SunseSSns ‘uoneaurad

xn[J 98e1oAe uo Aouanbaiy
pue ‘ouInjoA pInyjy
‘orssoid ‘owrn os[ndyoeq
JO $109]J° 91T 1ISOAU]e

(NAIMD 999134

10}eM O[qeINSEaW OU Jng ayeidn A UIIA) SpUSq JowA[od
19]eM S[qRINSEIW QARY S[BLIIEIA- s1ydoIpAy snozoduoy -
(DN Yim) pIzZIIR)deIeyd (40N ‘urH

U923 9ARY SUOT ;00 Pue " PIM) SSUBIqUISW QUI[[RISAID

‘PO +BN M pazifeuonouny prnbry oz1s ojod uLIOJIU()-

SoURIqUIOW SUI[[eISAIO pmbrTe . (ONN

porplo00 AjySry ore UOWISAAL AL WA SIELIIEUL

xn[J pue uondios S[9AI] X[} 19JeM pue ouswiAjodoonyy aseydoIey

uondios 191em Y31y 9ARY STRLIAIBIA- A810U0 Q0ELINS MOT]-

(ON[ PIA) :s[erIorewt oLRwAfod Jo

pOZIIS)ORIEYD PUE PIZISAYRUAS  SOSSPI E.Bm/om Jo Aw::som
u29q oA®Y (J00[q AS10UD 9oJINs ccmA zouow..ﬁou UOnEULID

10) VINOAd/NV.LA PUt (oo[q  Asoloqdious atmonsis

Y c orydoIpAy) VINAVINAA JO sontadoid SzLOlouIRd
~3 s1owA[0dod Jo0[qLn 29 YOO[qI(T pue ZISSUIUAS.

oNn :spuouysIi[duoddy :yoeoaddy
aon NV.d 10} 01-9 ‘VINOdd 0} 9=2

NV.Ld 40} H ‘VINOdd 20} EHO=A
£402(2401eH00 ZEHOINCHOZHOO  €40%(240)%HO0

+7PO 4790 “4EN=4uX

THI) —00001 1THDIO
TH) ——H2D00! :N:uvoWVLB
THO —H3000! 1ZHD)O

[¢] ”MF o ”% 0=20
-{ +uX

SuI[noJ QURIqUISW UOTEN)[[jourU 20npal 0} uisndyoeq Jo
£2©21JJ0 OUNUISIR(] ‘UOHRIPIWSI ISJEMI)SeM 10 S[eLIojetll
sueiquioul 9seydo1ojay [eaou doead(] :$3A1RIqO
OAT)OO[S pue ‘9[qesuniad ‘SuI[noj-mo[ 3q Isnut

S[ELIoJRW JURIqUISW UOTIEI[IJOURN SINSS] AZ0[0uyd ],

IITH [odeyD 1© BuI[oIe)) YIION JO ANSIOAIU[) ‘QUOMIISI(T ‘ANISISATU[] 9JelS BUI[OIED) YLON ‘UBWADI]

suoreredog oUBIqUISA IO STRTIAJRIA JOLOWATOJ 9seydoIaoy



0S1

(sinoy) swij sAleINWND

ovL 0EL 02k Ot 00L O
—
. [009~"W} D3d wdd 00O} = pea
sdogi=d Vv

2062

\.l@mv\..m.rz sopneueIpAy A

. -
.
v YINOdd-a-(%Iow £9) YW3VINAd 1
"
| O - ] T
v w

<__¢Ou_m'n.3o_o_: SS) YWAVWAd '

M I N 1 M L " 1 2 1 2

6
08°0
S8°0

=z
)
3
060 2
N
[
Q.
:
S6'0 g
ul
c
*x
00°4
S0°}

DHJ 01 2msodxs uodn Xnyj IJe M

001

i9jeM peqlog |ejol
[%] 00F X —sayem buizesid
08 09 ov (1 x4

FE e

T T T T T T T T T
NV.1d-G-vWaVNad-d-Nv.l.d

vwavinad
~q-¥viNOdd

o0
ﬁ YIWO4d-a-YWIVINAd-a-YINOdd

VW3IVYHQd-a-VINCid

Liad 1

®
[s7u3} JUs19111300 OISNYIA 10BN

s0 4

muo&bo

(sinoy) ewn BAnEINWIND

004 08 09 (/24 0¢ 0
—— T T T T T — 0
- 420
05y~ AN 8::822:‘/ 410
L .o .
s *e . . .
5 . 490
*
b .‘ g
‘e
VNRId-a-(%low 29) YWIVINGd d 480
. N
- n .. -
] %
= vl
VNPd-a-(%low §S) YWIVNGd [ o
L A APUNETURES ST GH S [ .‘ " d

[% wm] axedn Jorem

002 0S4 00} 0S

- VWIVNAE-9-YNOdd

’
3

| <

NY1d-q-VYW3IVWAd-G-NVLid

doo HN( Jo uorneziraoeIey)

¢

XN JOJBM DPOZiBWION

porrod Sumjos TenIur SuLmp XnyJ 9B

[(wye-y-,w)M] xnj4 pazieuwtoN 3inssaid



-ordures oy} sso1oe uado I0 sNoNUIIUOD 10U

oIe spouueyd Jey) Sunsed3ns ‘ojdures Aue J0J pIAIISqO seM uorjeowiIad 191eM 9[qRINSEIW ON
"S[E1I0JEUI POSEqQ-WINIPOS PUE J[2q09 10J SSWOIY) uo spuadop oxeidn 1a1e

‘sopdues [[e 10J PoAIasqo ST oyeldn I9jem S[qEINSBIN

(wr) ssawjoiyl wijid

oclt 001} 08 09 ot 0¢c 0
. I _ _ _ _ T _ T _ . 0
- +NZ||/ (Y -
_ A o 42
5 e A .
/.
- ° - / iv 3
! / j 8
/m
| v \ ° v 49 .Wuu..
o
A /X - 3
B / +PO g ~
/ S
i / - ~
/l\ ot
; _ : 1 _ ! : ! : l . N.,_.

sordureg Aspadreg D Jo ayerd) 1o\



(dAd) (suopijoniAd jAun-N)Ajod
0"@
4

(vl) L - spiwebouy
H

ar |
/T \/VAL/\z/_T

,__
H o

(vxo3ad) (auijozexo-g-1Ayie-g)Alod

0O

T

T [°C]

T [°C]

001

0cl

ovi

091

081t

00¢

001

0st

‘00¢

00}

08

[o% 1m] juaiuod dAd
09 ov 02

- |

spu3ig dAd/V1

00t

08

[% m] judu0d YX03d

09 ov 0c¢

sjqnjos

spusjg vX03d/Vl
] 1 ] 1 | 1

(NAMD Pa) spudg driydorpAH snotoduoN

o
N

o
<

o
©

(=]
@

001

0s

001l

0st

00¢

0§¢

0o0¢

[o ] exeidn Jeyem

[% 1m] axeydn io1em



The introductory viewgraph presents an overview of our research efforts to develop
heterophase polymeric membrane materials for wastewater remediation. Nanofiltration materials
must be low-fouling, permeable, and selective. Since it is difficult to achieve all of these
properties in a single material, several classes of heterogeneous materials are being synthesized
and characterized with respect to structure, morphology, permeation, rejection, and fouling: low
surface energy fluoropolymer materials with Professor DeSimone at UNC, uniform pore size
liquid crystalline materials with Professor Gin at UCB, and nonporous hydrophilic blends with
Professor Percec at CWRU. The visual shows representative chemicalstructures for each class
of materials. The UNC materials investigated to date are diblocks or triblocks consisting of
PDMAEMA hydrophilic blocks and PFOMA or PTAN low surface energy blocks. The UCB
monomer which is photopolymerized to yield films with uniform pore size is shown to the right
of the UNC structures. The CWRU samples which are being scaled up consist of either a
hydrophilic poly(2-ethyl-2-oxazoline) [PEOXA] or poly(N-vinyl pyrrolidone) [PVP]
component blended with Trogamide-T. Progress has been made in characterizing each type of
material. Diblock and triblock copolymers of PDMAEMA with PFOMA or PTAN have been
synthesized and their‘fundamental transport properties (water uptake, water permeation, salt
diffusivity, and salt partitioning) have been characterized. In the next year, the fouling and
rejection propefties of these materials will be studied. Additionally, copolymers with a different
hydrophilic block, such as hydroxy ethyl acrylate [HEA], will be synthesized and characterized.
In collaboration with UCB, liquid crystalline membranes functionalized with Na™, Co?*, and Cd**
ions have been prepared and characterized for water sorption and permeation properties. The

next step is to use plasma milling to open the channels of these materials. Based upon



mechanical data (i.e., whether the films are flexible or brittle), water sorption and glass transition
temperature data, several nonporous hydrophilic blends were selected for scale-up and further
characterization. The water permeation properties of these materials will be investigated as a
function of blend composition. Finally, this viewgraph presents the objective of our closely
related research program to determine the efficacy of backpulsing to reduce nanofiltration
membrane fouling. The effects of backpulse time, pressure, fluid volume, and frequency on the
average flux of the commercially available standards as well as materials synthesized for ONR

grant N00014-94-1-0704 will be investigated. As the initial step, a backpulsing crossflow

membrane unit has been designed and built by Separation Systems Technology, Inc. Backpulsing
experiments will be begun this year.

The second slide shows selected characterization results for the low surface energy
fluoropolymeric materials from UNC. The first graph illustrates the close correlation between
pressure-normalized flux and water uptake for these materials. Generally, as the hydrophilic
content of the copolymer increases, both water flux and sorption increase. The PTAN triblock has
the highest water flux and sorption level. Since the PTAN side chains can crystallize, this
phenomenon may be due to crystallization-assisted hydrophilic domain alignment. The transport
data will be analyzed in terms of morphological structure of the samples in the coming year. The
second graph shows the sodium chloride diffusion coefficient as a function of the freezing water
content I;of the material. The diffusion coefficients for the PFOMA-based materials are well
correlated with a free volume model when the hydration is corrected to include only the freezing
water content. The diffusion coefficient for the PTAN triblock lies below the correlation for the
PFOMA-based materials, suggesting that morphological effects influence salt diffusivity. The
third and fourth plots show water flux versus time both for the initial setting period and in the
presence of polyethylene glycol [PEG with M;~600]. Both PDMAEMA(67 mol%)-b-PFOMA and
PDMAEMA (55 mol%)-b-PFOMA thin-film composite membranes showed less flux decline in this



run than the commercial control Hydranautics NTR-7450 (sulfonated polyethersulfone)
nanofiltration membrane.

The third slide presents water uptake of the UCB samples as a function of film thickness
for Na*, Co*, and Cd* functionalized materials. Water uptake is measurable for all samples, and
it appears to depend on film thickness of the Co? and Na* materials. However, no measurable
water permeation was observed for any sample, implying that the channels are not continuous
throughout the samples. Plasma milling will be used to open these channels.

The fourth slide presents water uptake and glass transition data as a function of the
hydrophilic blend component of the CWRU materials. For the TA/PEOXA and TA/PVP blends,
water uptake, increases as the hydrophilic (i.e., PEOXA or PVP) content is increased. Both series
show a single T, for each blend composition, indicating that these materials are not phase-
separated. The glass transition temperatures of the TA/PEOXA series decrease as the PEOXA
content increases, while the T, of the TA/PVP series increases as the PVP content increases. These
materials are being scaled up to larger sample quantities, and their water permeation properties as a

function of blend composition will be investigated this year.



